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The experiments here reported are  a  portion of  a  larger  series in 
which several varieties of bacteria were used and which were under- 
taken  in  the  hope  of producing in  rabbits  by repeated intravenous 
injections of living bacteria,  over long periods, kidney lesions which 
might  at  least  approximate  the  chronic lesions  seen in  man,  which 
are  probably due  to  long  continued  septic  conditions.  The  results 
in  rabbits injected with  Bacillus  coli  communior  were so  striking in 
the constant and pronounced production of amyloid in various organs, 
as  well  as  in  the  resulting  kidney  lesions  apart  from  the  amyloid 
deposits,  that a  brief report on them and a  review of previous work 
on the experimental production of amyloid seems appropriate. 
Frisch (1) in 1877 was the first to announce the experimental production.of an 
amyloid-like  substance.  He produced a keratitis in rabbits by injection into the 
cornea of fresh blood from a  case of anthrax.  He reports positive results in 4 
out of 300 corneas injected.  The resulting lesion  gave characteristic reactions 
with iodine and with iodine and sulphufic acid, but the reaction with aniline dyes 
was lacking and the material was doubly refracting.  It seems doubtful, therefore, 
whether the substance was amyloid. 
Birch-Hirschfeld (2)  observed amyloid in the spleen  of a  rabbit which  died 
after 6 weeks of chronic subcutaneous suppuration produced by the injection of 
pus from a  case of osteomyelitis of the tibia.  Other similar  experiments gave 
negative results. 
Bouchard and  Charrin  (3)  observed amyloid in two rabbits.  One had been 
injected subcutaneously with Bacillus  pyocyaneus and subsequently four times 
intravenously at intervals of several months.  The animal lived about  1 year. 
Amyloid was found in the kidneys and also in the vessels of the heart and in the 
heart muscle.  A second rabbit lived 34 days after injection with material from 
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a human tuberculous lesion and with a  culture of tubercle bacilli.  Amyloid was 
present in the kidneys; there was none in the spleen, liver, or heart. 
Czerny (4)  in his first paper reports the production of amyloid in the spleen 
and in a  few vessels of the kidneys of two dogs in which he had produced sub- 
cutaneous suppuration for 10 and 13 weeks by the injection of turpentine.  The 
material deposited gave the iodine-sulphuric and methyl violet reactions.  Czerny's 
paper is concerned especially with the iodophilic granules of leukocytes from which 
he believes amyloid is formed.  In a second paper (5) he reports the production of 
amyloid by the same method in three more dogs, in one after suppuration lasting 
7½ months, and in two after 4 months. 
Condorelli-Maugeri (6)  in a  brief  communication  simply  states that he  has 
produced  amyloid disease in  the  liver and  kidneys  of  rabbits by injection  of 
Bacterium  termo.  As far as the writer can  discover, no detailed account of his 
experiments has been published. 
Krawkow (7, 8,  9,  10)  was the first to study systematically the question in a 
large series of different animals.  He produced chronic suppuration by the sub- 
cutaneous injection of broth cultures of Staphylococcus  aureus into rabbits, dogs, 
hens, doves, and frogs.  In eight of twelve rabbits he produced amyloid, mainly 
in the spleen, in certain instances also in the gastro-intestinal tract, liver, kidneys, 
and  salivary  glands.  In  dogs  the  results  were  negative  after  subcutaneous 
suppuration lasting 2  to 3  months.  The results in pigeons were also negative. 
He found amyloid much easier of production and more extensive in hens than in 
other animals, three of four hens and each of four cocks giving positive results 
in 1½ to 2 months.  In two frogs, of several dozen injected, the spleens showed 
traces of a substance giving a suggestive reaction, but Krawkow was not certain 
that it was amyloid. 
Krawkow  (9)  also  tried  Czerny's method  of injecting turpentine subcutane- 
ously and  also silver nitrate, both  with  negative results.  He  believes that  the 
abscesses produced by  Czerny were not  aseptic.  He  also injected rabbits and 
dogs over long periods with filtrates of cultures of Staphylococcus  aureus and also 
with  non-filtered cultures  killed at  100°C.  with negative results.  Amyloid was 
found, however, in one rabbit which in 2 months had received seventeen injections 
of 5  to 30 cc. each of filtrate of a  broth culture of Bacillus pyocyaneus  killed at 
100°C.  In this experiment amyloid was present in the spleen in the small arteries 
and  to  some  extent  about  the  capillaries.  In  the  kidneys  traces  were  found 
about the convoluted tubules, but none in the glomeruli.  None was found in the 
liver.  As pointed out by several later workers, Krawkow's results are surprising 
when one considers the length of time of his experiments.  In two rabbits amy- 
loid was found in the spleen 2  days after the first injection of  10  cc.  of broth 
culture of Staphylococcus  aureus.  In a  third amyloid was pronounced  after  11 
days, during which time two injections of 2 and 3  cc. had been given, while in 
other cases injected repeatedly over a period of months, it was entirely lacking. 
Davidsohn  (11)  confirmed the  observation of Krawkow of the possibility of 
producing  amyloid by  subcutaneous  suppuration  resulting  from  repeated  in- C.  H.  BAILEY  775 
jections  of  Staphylococcus  aureus.  He  used  rabbits,  mice,  hens,  guinea  pigs, 
and cats.  In guinea pigs and cats the results were negative; the best results were 
obtained with mice and rabbits.  There is the same inconsistency in time and the 
amount of culture injected as in Krawkow's experiments.  Amyloid was found in 
the spleen, stomach, intestines, kidneys, and rarely in the salivary glands, pan- 
creas, and lymph nodes.  In only one instance doubtful amyloid was found in the 
bone marrow.  In the kidneys amyloid was present in patches in small arteries of 
the medulla and along the collecting tubules; there was no change in the glomeruli. 
He  obtained negative results with  streptococcus, Bacillus  coli,  and  putrefactive 
bacteria.  Davidsohn  believes  that  Czerny's  positive  results  with  turpentine 
may have been due to bacterial contamination of the lesions. 
Lubarsch  (12)  was  at first unable  to produce amyloid by Czerny's method. 
Later (13) he produced suppuration for 9 to 21 weeks in eight dogs by the injection 
of  turpentine.  In  one  case  of  16  weeks'  duration,  he  found  amyloid in  the 
spleen only.  A  second was doubtful, the others negative.  Seven rabbits were 
injected repeatedly subcutaneously with living broth cultures of Staphylococcus 
aureus,  the longest period being for 9½  weeks.  Positive results were obtained in 
two cases, of 5½ and  7 weeks.  Amyloid was found in the spleen only.  Guinea 
pigs were injected with living Staphylococcus aureus and  dead broth cultures of 
Bacillus  pyocyaneus,  pneumococcus,  streptococcus,  and  Friedl~nder's bacillus 
with  negative results.  Lubarsch  calls  attention  to  the  irregularity of  results, 
especially as to time, of his own experiments and those of others, and concludes 
that no certain method of producing amyloid has been found. 
In later papers Davidsohn (14, 15, 16) reviews his own work and that of others 
and  reports  the  subcutaneous  injection of mice  with gonococcus with positive 
results in two cases.  His experiments with bacterial toxins gave negative results. 
With dead bacteria, however, he obtained positive results in one mouse in which 
amyloid was found in the spleen, liver, kidneys, and intestines. 
Nowak  (17)  attempted to prove and  extend the work of Krawkow,  and his 
results seem worthy of reviewing in some detail.  He experimented on  rabbits 
and hens and found it much  easier to produce amyloid in the latter.  He used 
staphylococcus, streptococcus, Bacillus pyocyaneus,  Bacillus  coli  communis,  and 
their sterile filtrates; bouillon inoculated with human stool and a filtrate of this; 
also tuberculin, fresh and sterile pus, croton oil, and turpentine.  Of seven rabbits 
injected with living Staphylococcus aureus,  two, of  10  and  102  days' duration, 
showed amyloid in the spleen only.  All hens so injected showed amyloid.  Two 
rabbits injected  with  living Bacillus  pyocyaneus  were  negative; two hens were 
positive.  Two rabbits injected with living Bacillus coli and also two hens showed 
no pus and no amyloid.  Rabbits injected with putrefied bouillon gave negative 
results, while each of two hens were positive.  Of the rabbits injected with sterile 
filtrates of cultures of various organisms, one rabbit only, which had been in- 
jected with a filtrate of a culture of BacilMs pyocyaneus for 60 days, showed a few 
nodular deposits in the spleen which gave the amyloid reaction with aniline colors. 
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been  treated  with  filtrates of  Staphylococcus  aureus  cultures,  and  one  with  a 
filtrate of cultures of Bacillus  coli.  Of two  rabbits  and  two  hens  injected for 
long periods with large doses of tuberculin, one of each showed nodules in the 
spleen which  gave  a  doubtful  reaction.  Nowak  considers them  negative.  Of 
three rabbits injected with fresh pus, one, in 8 days, showed amyloid in the spleen 
and liver; of two hens similarly injected, one showed amyloid in the spleen and 
liver.  Rabbits  injected  with  sterile  pus  were  negative;  two  hens  were  both 
positive.  Croton oil gave negative results.  Of two  rabbits injected with tur- 
pentine, one showed amyloid in the spleen and liver in 201  days; each  of five 
hens so injected showed amyloid in the spleen and liver, and two of these in the 
kidneys also. 
Maximow (18)  also obtained positive results in hens and rabbits by repeated 
subcutaneous  injections  of  living  Staphylococcus  aureus.  His  earliest  positive 
result was in a rabbit after 21 days. 
Schepilewsky (19)  produced extensive subcutaneous necrosis and suppuration 
by the injection of various ferments.  Out  of a  considerable number of experi- 
ments he reports positive results in two rabbits injected with lab-ferment, in one 
injected with  pancreatin,  and 'in one  with papayotin.  The  author  makes  the 
criticism of the positive results of Lubarsch and Nowak with turpentine,  and of 
those of Krawkow,  who  obtained a  positive result in one rabbit with Bacillus 
pyocyaneus  toxin, and of Davidsohn, who obtained a positive result in one mouse 
injected  with  dead  bacteria,  that  bacterial contamination  of  the  suppurating 
lesions produced was not excluded.  Davidsohn (14,  16)  on the other hand, be- 
lieving that  amyloid cannot  be produced without  the  action of living bacteria 
or their products,  makes a  similar criticism of Schepilewsky's results with fer- 
ments, and apparently with equal justice.  The latter admits that the abscesses in 
one of the four positive cases were not sterile.  The other three he believes were 
sterile, but each of these animals died of an epidemic disease of a nature not stated, 
and one of the three had a purulent bronchitis. 
Dantschakow  (20)  studied the salivary glands of rabbits injected subcutane- 
ously with living Staphylococcus  aureus.  She believes that amyloid first appears 
here.  She found  it in  some cases in the 2nd week, in others not until the 6th 
or 7th. 
Tarchetti  (21)  reports  entirely  negative  results.  He  injected  a  dog  sub- 
cutaneously with Staphylococcus  aureus.  When the animal had become immune 
and the injections no longer produced abscesses, he used turpentine.  The dur- 
ation of the experiment was 4  months.  Three rabbits injected subcutaneously 
with turpentine and  eight with living Staphylococcus  aureus were negative.  He 
concludes that  repeated injections of turpentine  or broth  cultures of Staphylo- 
coccus aureus produced no amyloid in the spleen of dogs, rabbits, or guinea pigs. 
Ravenna  (22)  concludes from many experiments that the question of experi- 
mental production of amyloidosis still cannot be considered as solved, as a means 
is lacking which will produce it with certainty. 
Of special interest in connection with  the experiments here reported are the C.  H.  BAILEY  777 
observations of amyloid in the liver of horses repeatedly injected with bacteria 
or their toxins for the production of immune serum. 
Zenoni (23) first reported the presence of amyloid degeneration in diphtheria 
antitoxin  horses,  especially in  the  liver.  The  lesion  produced  a  very friable 
organ and death was apt to occur from spontaneous rupture and hemorrhage. 
Pease and Pearce (24) report liver necrosis  and venous thrombosis in twelve 
horses which had been repeatedly injected subcutaneously, seven with diphtheria 
toxin, two with tetanus toxin, one with dysentery bacilli,  and two with strepto- 
cocci.  A horse is also added to the series which had been injected with diphtheria 
toxin and killed on account of its crippled condition.  Its organs were normal. 
Two of these horses,  both injected with diphtheria toxin, showed  amyloid in the 
liver and spleen, especially in the latter.  It was not present in the kidneys, heart, 
or lymph nodes.  They note that these two animals had developed an unusual 
number of abscesses  at the sites of injection, apparently attributing the amyloid 
formation to this fact. 
Lewis (25) reports that amyloid degeneration of the liver and less frequently of 
the spleen is produced in a majority of horses by the routine injection of diphtheria 
toxin and repeated bleeding,  extending over a  period of 3 years.  The horses are 
apt to die from rupture of the liver and intraperitoneal hemorrhage.  He rules 
out abscesses  as an essential condition and also the repeated bleeding,  and con- 
cludes  that the crude toxin is the factor of prime importance in the production of 
amyloid. 
Schoukewitch  (26) reports that  repeated injections  of large doses of Bacillus 
pestis produce amyloid degeneration of different organs in horses and that pus 
formation is not essential. 
Markus (27) observed amyloid in the liver of horses  injected with dysentery 
bacilli. 
EXPERIMENTAL  PART. 
In the  following experiments rabbits were injected in  the  ear vein 
with  beef  extract  broth  cultures  of  colon  bacillus,  transferred  from 
stock  cultures  on  beef  extract  agar.  The  rabbits  were  injected, 
generally  every 2  to  4  days,  with  1  cc.  of a  24  to  48  hour  culture, 
though  older  cultures  were  occasionally  used.  Colon  S  232  and 
Colon  S  244 were strains of Bacillus coli communior obtained in pure 
culture  from  surgically  removed  pyonephrofic  kidneys.  Colon  B 
was also Bacillus coli communior isolated from a  normal stool. 
Frozen  sections  of tissues  fixed  on  Orth's fluid  were  stained  with 
hematoxylin  and  Sudan  III  and  also  by  Van  Gieson's  method. 
Sections  of  paraffin-imbedded  tissues  were  also  stained  by  Van 
Gieson's  method.  Tissues  were  stained  for  amyloid  with  iodine, 
iodine and sulphuric acid, methyl violet, and gentian violet.  As has 778  AMYLOID  DISEASE  AND  CHRONIC  NEPHRITIS 
been previously mentioned, the finding of amyloid in  these rabbits 
was  unexpected.  The  hyaline bodies  in  the kidney glomeruli  and 
other glomerular and parenchymatous changes had been noted, but 
that  the  bodies  in  the  glomeruli  were of amyloid nature  was  not 
recognized until a  majority of the rabbits had come to autopsy and 
pieces of their organs had been fixed in  Orth's  fluid only.  Conse- 
quently it was generally possible  to  try the  various  reactions  only 
under  the  relatively unfavorable  conditions  of previous  fixation in 
Orth's fluid.  In one rabbit, No.  15, the reactions were tried on fresh 
and  alcohol-fixed tissues;  in  Rabbits  1,  3,  and  7,  on  alcohol-fixed 
tissues;  in  all  others,  on  tissues  fixed in  Orth's  fluid  only.  The 
reactions were tried under these conditions on the spleen, liver, and 
kidneys of all rabbits.  Pieces of other organs,  however, which are 
of interest in connection with amyloidosis had not been preserved in 
most cases,  and it is  therefore impossible to  report the presence or 
absence of amyloid degeneration in other situations except in a  few 
instances.  Table  I  shows the strain  of bacteria used, the duration 
of the experiment in days, the number of injections, and the presence 
or  absence  of amyloid in  the  spleen,  liver,  and kidneys.  Positive 
findings in  other organs  will  be  mentioned later. 
TABLE  I. 
Rabbit  Bacteria.  Duration of  No.  of 
No.  experiment,  injections.  Amyloid. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Colon S 232 
"  S 232 
"  S 232 
"  S 232 
"  S  244 
"  S 232 
"  S 232 
"  S 232 
"  S 232 
"  S 232 
"  S 232 
"  B 
"  S 232 
"  S 232 
"  S 232 
days 
21 
26 
30 
30 
59 
61 
63 
88 
98 
102 
113 
115 
116 
142 
145 
7 
9 
11 
10 
8 
15 
19 
23 
25 
25 
29 
27 
36 
30 
47 
None. 
Spleen, liver, kidney. 
"  liver, kidney. 
"  kidney. 
"  liver,  kidney. C.  It.  BAILEY  779 
Complete autopsies were performed on all  the animals, which, how- 
ever, will not be reported in detail, as the gross pathological findings were 
few.  Suppurative lesions were lacking with the following exceptions: 
Rabbit 3 had an abscess about 1.5 cm. in diameter in the upper ante- 
rior  mediastinum,  and  Rabbit  14  had  a  few small nodular areas  of 
consolidation in the lungs, each about 3 ram. in diameter with central 
softening.  All  the  rabbits  lost  much  in  weight,  emaciation  being 
extreme in the older cases.  The livers were of about normal size and 
no  change  in  consistency was noted  except in  No.  15,  in which  the 
organ was definitely  firmer  than  normal but more friable.  All the 
spleens were somewhat enlarged; in No.  14 the organ was about four 
times normal size, in No. 9 about three times, in Nos. 1 and 11 about 
twice; in the others the enlargement was slight.  Beyond the enlarge- 
ment  there  was  no  marked  change  in  appearance  or  consistency. 
The  gross  appearance  of  the kidneys was not striking.  In all  the 
animals  they were definitely opaque, in many very pale, and in some 
apparently  swollen.  Small,  slightly  depressed, purple  or  gray  sur- 
face scars were present  in many instances,  in  some being moderate 
in number, in most very few.  None were present in Nos. 1, 2, 3, 4, 5, 
and  7.  They had  the  same appearance  as  the spontaneous  scars in 
rabbits,  and it is difficult to decide whether they are to be ascribed 
to the treatment or to a preexisting spontaneous nephritis.  The fact 
that  they were absent in the  experiments  of shorter duration would 
favor the former view.  The number and severity of the scars when 
present,  however,  definitely  bore  no  relationship  to  the  length  of 
time the rabbit had been injected, the scars ill Nos. 6, 9, and 10 being 
more numerous than in the older rabbits, in which they were very few 
and slight. 
Microscopical  examination  of  the  spleens  of  the  earlier  rabbits, 
Nos. 1 to 7 inclusive, showed a large amount of hematogenous pigment 
collected  in  large  phagocytic  cells  in  the  sinuses  of  the  pulp.  In 
some there was a  slight  diffuse fibrosis.  Otherwise the  spleens were 
normal.  In  Rabbits  8  to  15  the  hematogenous  pigment  was also 
present  and  in  all  there  was  a  fibrosis.  All  showed  about  the 
Malpighian  bodies  a  homogeneous  hyaline  substance  which  in  the 
more  marked  cases,  Nos.  8,  11,  12,  and  13,  encroached  on  these 
structures  (Fig.  4)  and  almost entirely replaced  them,  only a  small 78O  AMYLOID  DISEASE  AND  CHRONIC  NEPHRITIS 
collection  of  lymphoid  cells  remaining  grouped  about  the  central 
artery.  A  moderate amount of nuclear detritus was present in this 
material,  and  in  No.  8  numerous  fairly  large  hemorrhages  were 
present in the midst of the hyaline material,  which had largely re- 
placed  the  Malpighian  bodies.  Similar  hyaline  material  was  also 
seen in  some animals in  the reticulum of the pulp.  In Rabbits  14 
and 15 the fibrosis and hyaline formation, though more marked about 
the Malpighian bodies, was also present through the reticulum of the 
pulp  (Fig.  5).  Stained with  methyl  violet  or  gentian  violet,  this 
hyaline material, both about the Malpighian bodies and in the pulp, 
gave a typical red amyloid reaction in all cases (Fig. 1).  It appeared 
in the form of small irregular masses which usually were quite homo- 
geneous, but sometimes suggested a finely granular structure.  When 
present in the reticulum of the pulp it had a definite fibrillar appear- 
ance.  With  iodine no  reaction was obtained  even in  the fresh and 
alcohol-fixed tissues of No.  15.  With iodine followed by sulphuric 
acid the larger collections about the Malpighian bodies gave a  pale 
but definite greenish color.  These reactions will be considered later. 
Large phagocytic cells were quite  numerous in  the  spleen of  these 
rabbits, and in No.  15 fairly numerous giant cells were present, hav- 
ing many nuclei and often including masses of the amyloid (Fig.  1). 
These cells have been previously noted by Krawkow (7). 
All the livers showed a  definite but usually moderate increase of 
perlportal connective tissue and also an infiltration with round cells 
in these areas.  It is difficult to decide whether this is a  spontaneous 
cirrhosis or is due to the treatment.  There were also present in all the 
animals a varying number of small focal necroses situated indiscrimi- 
nately in the lobules.  In the earlier ones these were infiltrated with 
round cells; in the later ones they were often replaced by connective 
tissue.  There was  considerable granular  degeneration of  the  liver 
cells in these rabbits and also pyknosis of nuclei.  In No. 13 numerous 
large central necroses were present with much fibrin and some hya- 
line degeneration but little cellular infiltration.  The livers of Rabbits 
8,  11,  and  15  showed  between  the walls of  the  capillaries  and  the 
trabecul~e of liver cells a layer of hyaline material with atrophy and 
granular degeneration of the intervening liver cells.  This was present 
in ah lobules, but in No. 8 was seen only in the peripheral and middle C.  H.  BAILEY  781 
zones  of  the  lobules,  while in  the  other  two it was  fairly  uniform 
throughout.  With iodine and iodine followed by sulphuric acid, no 
reaction was obtained.  With methyl violet and gentian violet this 
material  gave  a  typical  amyloid  reaction.  With  these  stains  the 
substance appeared usually in a  definite granular form (Fig. 2), but 
sometimes a fine fibrillar structure was apparent.  The necroses with 
hyaline  degeneration  described  in  No.  13  gave  no  reaction.  No 
amyloid was found in the walls of the larger vessels. 
The kidneys of these rabbits deserve special attention,  since they 
showed  not  only amyloid  deposits  but  also  other  lesions definitely 
due to the bacterial  injections.  Degenerative  changes were present 
in the tubular epithelium in all cases.  Frozen sections stained with 
Sudan III showed a moderate fatty degeneration affecting principally 
the convoluted tubules.  The fatty degeneration was, however, more 
marked  in  the  earlier  than  the  later  cases.  The  was  a  definite 
granular  degeneration,  also  most marked in the convoluted tubules, 
and some necrosis of the epithelium with pyknosis of nuclei, lack of 
nuclear staining, and desquamafion.  The large granules seen in the 
epithelium of  the proximal convoluted tubules  in chronic parenchy- 
matous nephritis in man were not observed.  Casts were present in all 
kidneys except those of Nos. 1 and 2, and in Nos. 13, 14, and 15 they 
were numerous.  No glomerular changes, other than hyperemia, were 
noted in Rabbits  1 to 7, while all the others showed evidences of a 
subacute  and chronic glomerulitis.  The lesions consisted of fibrous 
and  hyaline  thickening  of  the  vascular  loops  and  occasionally  of 
the glomerular capsules, protoplasmic, cellular, and fibrous adhesions 
between  the  tufts and  capsules,  areas  of  necrosis in the  tufts,  and 
hyaline  bodies  containing  a  few pyknotic nuclei and  some nuclear 
d6bris.  These lesions varied in number and degree in the different 
rabbits.  Adhesions were  present  in  Nos.  8  to  15 inclusive,  being, 
however, few in Nos. 9 and 12 but numerous in the others, especially 
Nos. 13 and 14 (Fig. 6).  Almost every glomerulus in No. 13 showed 
adhesions.  Some of these  adhesions were fine protoplasmic  UniOrL~ 
between tuft and capsule (Fig. 7), others large and cellular or fibrous 
(Figs.  7  and  8).  Fibrous  and  hyaline thickening  of  the  vascular 
loops was present in Nos. 8, 11, 12, 13, 14, and 15, with necroses and 
large amyloid bodies in some instances  (Figs.  7,  8, and 9).  The fre- 782  AMYLOID  DISEASE  AND  CHRONIC  NEPHRITIS 
quent  occurrence  of  localized  interstitial  scars  in  the  kidneys  of 
rabbits unfortunately renders the interpretation of interstitial lesions 
in these animals difficult.  As has been already mentioned, most of the 
rabbits  which withstood the injections longest  showed a  few  small 
scars in the gross.  There were usually only two or three such scars 
on a  kidney.  These scars have been disregarded as perhaps  due  to 
a  preexisting spontaneous  nephritis.  In most of the kidneys, how- 
ever, there were present small collections of round cells, and in Nos. 
13,  14, and  15  there was a  slight, rather diffuse, cellular thickening 
of the interstitial tissue.  It is believed that  these lesions were pro- 
duced experimentally. 
Six of the kidneys, as shown in the table, gave a  typical amyloid 
reaction with methyl violet.  The  amyloid was present in the glom- 
eruli as small and large nodular  collections  (Fig. 3)  and  also in  the 
medulla  where  in  some  instances  it  was  situated  only  about  the 
small  capillaries  in  small  localized areas;  in  others it  involved  the 
entire interstitial tissue, in similar small nodular areas, here surround- 
ing both vessels and tubules.  No amyloid was noted in  the larger 
vessels.  Here as in  other organs it was  difficult to  convince one's 
self definitely of the morphology of the amyloid.  In certain instances 
the large deposits in the glomeruli seemed to have a  definite fibrillar 
structure  with  a  frayed  out  appearance  at  the  edges,  especially 
noticeable in  the  alcohol-fixed  tissue  of  No.  15.  In  some  of  the 
other cases these bodies appeared quite homogeneous (Fig. 3).  With 
iodine  no  reaction  was  obtained  even  with  frozen  sections  of  the 
fresh  tissue  of No.  15.  With  iodine and  sulphuric acid  the larger 
bodies in the glomeruli, like  the  deposits  in the spleen, gave a pale 
but definite greenish reaction. 
By  reference to  the  table  one  notes  that  amyloid  was  present 
in the spleen of all rabbits, eight in number, which were injected for 
a period of 88 days or longer.  These eight rabbits showed glomerular 
and  other lesions in  the kidneys, and  in  six  amyloid was present. 
The livers of three contained amyloid.  Organs other than the spleen, 
liver, and kidneys were examined for amyloid in only a few instances. 
The  stomach,  small  intestine,  large  intestine,  heart,  adrenal,  and 
submaxillary gland in No.  3 gave no reaction.  The small intestine, 
large  intestine,  heart,  and  submaxillary  gland  in  No.  7  gave  no C.  H.  BAILEY  783 
reaction.  The stomach and small intestine of No.  15 showed typical 
deposits  in small scattered areas in the mucosa only; small irregular 
homogeneous bodies  in  the bone marrow gave  a  doubtful reaction 
with methyl violet; the heart and adrenals showed none. 
DISCUSSION. 
It seems justifiable to regard the deposits described in these animals 
as  amyloid in  spite  of the absence of the iodine reaction.  It was 
possible to  try the reaction on fresh or alcohol-fixed tissues in only 
one, No.  15, of the eight rabbits which showed deposits.  There is a 
possibility that the reaction might have been obtained in some of the 
other animals under these conditions.  It is the consensus of opinion, 
however, of those who have studied the question carefully, that the 
reaction with aniline colors is the more typical and that the iodine 
and  iodine-sulphuric  reactions  are  sometimes  lacking.  Davidsohn 
(11)  and others believe that these reactions represent different stages 
in the development of amyloid, the reaction with aniline colors ap- 
pearing  earliest and being present  throughout,  the  iodine  reaction 
appearing next, and that with iodine and sulphuric acid representing 
the latest  stage.  Krawkow  (10)  and Maximow  (18)  report results 
similar to  the above with  the amyloid experimentally produced by 
them  in  animals.  Krawkow  (10)  found  the  reaction with  methyl 
violet constant, but obtained the iodine reaction in only a few instances, 
and  then only on fresh or alcohol-fixed tissues, and in  the latter it 
disappeared  after  24  hours'  fixation.  Similar  absence of the iodine 
reaction in amyloid deposits in  man  has been  reported  by  Hanse- 
mann  (28),  Krawkow  (10),  and  others.  Krawkow  (10)  believes 
that these reactions do not represent a  difference in  chemical com- 
position of the substance, but are due to a difference in physical con- 
formation  of  the  older  deposits.  The  presence  of  the  iodine-sul- 
phuric reaction in the absence of the simple iodine reaction appears 
from  the  record  of  previous  experiments  to be exceptional.  The 
possibility  suggested  itself  that  the  green  color  obtained  in  these 
cases might be due to the presence of cholesterol in these degenerated 
areas,  The large deposits in the kidneys and spleen, however, give no 
suggestion of a fat reaction with Sudan III, as one would expect were 784  AMYLOID  DISEASE  AND  CHRONIC  NEPHRITIS 
the cholesterol present in any considerable amount in lipoid form; and 
the fact that the reaction was also obtained on specimens imbedded 
in paraffin would seem to rule out cholesterol as the responsible factor. 
Scrapings of the fresh liver, spleen, and kidneys of Rabbits 3, 6, 8, 
11,  13,  and  14  were  examined with  the  polarizing  microscope for 
anisotropic fat.  This  examination is  of interest on account of the 
reports of the presence of doubly refracting lipoids in human nephritis, 
particularly in the chronic parenchymatous type which these kidneys 
so  closely resemble.  The results were negative except in  the liver 
of No. 6 and the kidneys of No. 8,in both of which a moderate number 
of small anisotropic droplets were present. 
One notes  that  in  the  spleen  there is  an  association  of amyloid 
formation  with  evidences  of  blood  destruction,  cell  necrosis,  and 
fibrosis.  Also in the glomeruli of the kidneys one sees necrosis and 
fibrosis  associated  with  the  deposition  of  amyloid.  In  the  liver 
this association is not So evident.  It is not justifiable to draw defi- 
nite  conclusions  as  to  a  possible  relationship  between  amyloid 
formation and any one of these other phenomena.  While  the  cell 
destruction may in part  be  the result of the deposition of amyloid, 
or the two may be mutually independent results of the toxic action, 
we believe that the possibility of a  genetic relationship between cell 
necrosis  and  the  formation  of  amyloid  should  not  be  too  readily 
dismissed.  Mallory's views are worthy of attention in  this  regard. 
He  states  (29)  that  amyloid in  man when first deposited is finely 
fibrillar but soon becomes homogeneous and that it is not a product 
of degeneration of cell or fibril, nor is it something filtered out of the 
blood-like serum,  but  it  is  an  abnormal product  of  the fibroblast. 
His  argument that it is  more reasonable to  regard amyloid as  the 
product of the  fibroblast,  which  normally produces  fibrils,  than of 
the endothelial cell which does not, is forcible.  He also calls atten- 
tion  to  the fact that chondroitin sulphuric acid  is  a  constituent of 
some of the normal products of these cells; namely, elastic fibers and 
chondromucin.  As  between its  formation by endothelial  cells and 
fibroblasts,  these facts are certainly in favor of the latter.  As pre- 
viously noted, its  fibrillar appearance in  the spleen and kidneys of 
these rabbits is sometimes quite evident.  This fibrillar appearance, 
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as such by either fibroblasts or endothelial cells.  The variation in the 
morphological appearance  of the amyloid in  different situations  in 
these  rabbits  has  already  been  noted.  One  is  also  impressed  in 
reviewing the literature with the variations in appearance as described 
by different authors, some believing it to be fibrillar or homogeneous, 
others  granular,  and  others  crystalline.  Of  the  various  theories 
advanced as  to  the nature of this  substance,  the idea  that  it is  a 
homogeneous,  semisolid,  infiltrating  substance  would  seem  to  ex- 
plain these variations in morphological appearance better than any 
other, variations being produced, as they are particularly apt to be 
in  colloidal materials,  by postmortem  changes or  the  processes  of 
fixation,  and  being  less  easily produced in  older .deposits,  perhaps 
because of greater inspissation.  If such a  substance were produced 
or deposited in narrow tissue  spaces,  it might well appear in fixed 
specimens  as  thin  sheets  or  fibrils.  With  atrophy  of  intervening 
collagen  fibrils,  which  Mallory  describes  as  occurring  following 
the appearance of the amyloid fibrils, the infiltrating material might 
well fuse to form the homogeneous masses of the later stages. 
Living bacteria only were tried in the experiments here reported. 
That the injection of dead colon bacilli alone might result in amyloid 
deposits is suggested by the results of Davidsohn (16) on a mouse in- 
jected with dead bacteria, and that toxins or decomposition products 
of the culture media might produce it is  suggested by the results of 
Krawkow (7) and Nowak (17), each on a rabbit injected with filtrate 
of a culture of Bacillus pyocyaneus and by those on horses immunized 
with  diphtheria  toxin.  These  are questions not answered by these 
experiments.  That  it  could be due to  the normal  constituents  of 
beef extract broth would seem improbable.  That this is not the case 
is evidenced by Rabbit 6 which had received twenty-five intravenous 
injections of sterile broth in a period of 101  days before the bacterial 
injections were begun.  The period of injection of sterile broth was 
thus not as long as that of some of the rabbits which showed amyloid, 
but longer than in two of  the rabbits, and about the same as that of 
a  third which showed definite amyloidosis. 
The  question  as  to  whether  the  ability  to  produce  amyloidosis 
is  a  common property of all  pathogenic bacteria or is  confined to 
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one which has not been answered.  From a  study of previous work 
it  seems evident,  in  spite  of conflicting reports,  that  subcutaneous 
suppuration  produced by living Staphylococcus  aureus  in  hens  and 
rabbits may, especially in  the  former, ultimately result  in  the for- 
mation of amyloid deposits.  The positive results reported with other 
organisms are so few and the variety of animals on which these results 
were obtained is so great, that it is  difficult  to  draw conclusions in 
this  regard.  The  criticism made of the experiments in  which sub- 
cutaneous suppuration has been produced by turpentine, ferments, and 
bacterial  toxins,--that  bacterial contamination was not excluded,- 
seems justified.  The difficulty of keeping such subcutaneous lesions 
uncontaminated, especially with staphylococcus which we know will 
produce  amyloid,  over  periods  of  weeks  or  months  is  obvious. 
Attention has already been called, in reviewing the literature, to the 
contradictory reports  as  regards  the possibility  of producing amy- 
loidosis by subcutaneous suppuration and also to  the inconsistency, 
as far as time is concerned, in the experiments of the various investi- 
gators who have reported positive results.  In contrast with previous 
work  the  constant  results  here reported  suggest  the importance of 
bacteriemia in the production of amyloid and afford a possible expla- 
nation  of the varying results in  previous  experiments, that in some 
cases  bacteriemia  resulted  while  in  others  the  infection  remained 
localized.  Certain  results  reported,  particularly  those  on  horses, 
indicate that a  toxemia is sufficient, without actual bacteriemia. 
The  author  has  previously  stated  that  the  experiments here  re- 
ported with colon bacilli are a part of a larger series in which various 
bacteria were used.  The only rabbit injected with other varieties of 
bacteria which lived 88  days or longer (that is, longer than the short- 
est period in which amyloid was produced with colon bacilli) was one 
injected with Bacillus typhosus.  This animal received forty injections 
of 1 cc. each of broth culture in a period of 125 days.  Another rabbit 
received twenty-three injections of 1 to 2 cc. each in a  period of 84 
days.  Neither  of  these  rabbits  showed  amyloid  deposits.  One 
would not be justified from these two instances in drawing definite 
conclusions, yet the results would seem to indicate that at least there 
is a marked difference in the facility with which amyloid is produced 
by  different  organisms.  The  principal  other  bacteria  used  were c. H.  BAILEY  787 
various  strains  of  streptococci.  Amyloid  was  not  produced,  but 
inasmuch as  the duration  of  the longest  experiments was  87  days 
(ten  injections)  and  78  days  (twenty-two  injections)  comparative 
conclusions  in  these  instances  also  are  not  warranted.  If  experi- 
mental  investigation  should  prove  that  amyloid is  produced more 
easily by some varieties of organisms or their products than by others, 
a  careful investigation of the numbers and varieties of bacteria pres- 
ent in pulmonary  cavities  in chronic tuberculosis  would also be of 
interest as possibly affording an explanation of the recognized fact 
that  amyloidosis is  extreme in  some  cases  of  chronic  tuberculosis 
while entirely lacking in others of equal duration and extent of lesions. 
The explanation which has been offered of individual and racial sus- 
ceptibility seems inadequate to explain the marked differences seen in 
this regard.  At least the explanation is one to  which we should not 
resort until the above possibility has been excluded. 
SUMMARY. 
The repeated intravenous injection of rabbits with living Bacillus 
coli  communior  over  long periods  has  resulted  in  the  formation of 
amyloid  deposits  in  the  spleen,  liver,  and  kidneys.  Suppurative 
lesions were not present in most cases and therefore not a factor in its 
production.  The  results  have been  constant  in  that  amyloid was 
found in  all  rabbits,  eight in  number,  which  were  injected  over a 
period  of  88  days  or more.  Eight  rabbits  showed amyloid in  the 
spleen, six of these in the kidneys also, and three in the liver. 
The kidneys of these eight rabbits  also showed as a  result of the 
injections  a  subacute  and  chronic  glomerulitis,  parenchymatous 
degeneration,  some  interstitial  infiltration  with round  cells,  and  a 
slight cellular proliferation of connective tissue,  thus  resembling the 
chronic  parenchymatous  nephritis  of  man  which  is  so  commonly 
associated with amyloid disease. 
In conclusion I  wish to express my appreciation of the advice and 
assistance of Dr. Ophiils throughout this work. 788  A~YLOID  DISEASE AND  CHRONIC NEPHRITIS 
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EXPLANATION OF PLATES. 
PLATE 1  i0. 
FIG. i. Rabbit 15. Spleen.  A  portion of a Malpighian body is  shown which 
was surrounded and partially  replaced  by amyloid.  A giant  cell  is seen,  at the 
upper end of the picture,  with amyloid inclusions. Camera lucida water color 
drawing by Dr. F. E. Blaisdell. Zeiss  obj. E., oc. i.  Stained with methyl 
violet. 
FIG.  2. Rabbit 15. Liver. The picture  shows a considerable  deposit  of  amyloid 
between the capillary walls and liver cells with granular degeneration and atrophy 
of the latter.  The amyloid has a  finely granular appearance.  Camera lucida 
water color drawing by Dr. F. E. Blaisdell.  Zeiss obj. E., oc.  1.  Stained with 
gentian violet. 
PLATE 111. 
FIo.  3. Rabbit 14.  Kidney.  The  upper  glomerulus  was  of  homogeneous 
appearance with loss  of normal structural  detail  and contained many pyknotic 
nuclei  and a large  homogeneous appearing amyloid body.  The lower glomerulus 
showed a general  thickening  of  the  vascular  loops  with two small  amyloid nodules. 
There were adhesions in both cases  between tuft  and capsule.  Camera lucida 
water color  drawing by Dr. F. E. Blaisdell. Zeiss  obj.  E., oc. I.  Stained with 
methyl  violet. 790  A~YLOLD  DISEASE  AND  CHRONIC  NEP~IR~TIS 
PLATE 112. 
FIG. 4.  Rabbit  12.  Spleen.  A  Malpighian  body  is  shown  surrounded  and 
encroached  upon by amyloid  formation;  also  thickening  of  and  deposition  of 
amyloid in  the  reticulum  of the  pulp.  Microphotograph.  Bausch  and  Lomb 
obj. 9, oc. 1. 
FIO. 5.  Rabbit  14.  Spleen.  The  photograph  shows  a  fibrosis  affecting  the 
Malpighian body and  also  the  reticulum  of the  pulp.  There is some amyloid 
about  the Malpighian body, but  it is relatively more pronounced in this case in 
the reticulum oLthe pulp.  Microphotograph.  Bausch and Lomb obj. 9, oc. 1. 
PLATE 113. 
FIO. 6.  Rabbit  13.  Kidney.  The  photograph  shows  eight  glomeruli  in  each 
of which there are adhesions between tuft and capsule.  Two glomeruli, the one 
at the top of the picture in the middle and also that at the bottom, show large 
amyloid bodies.  Microphotograph.  Bausch and Lomb obj. 9, oc. 1. 
PLATE 114. 
FIG. 7.  Rabbit  13.  Kidney.  A  higher  magnification  of  the  glomerulus  seen 
at the top of Fig. 6.  Note the fine protoplasmic and large cellular adhesions, the 
hyaline body, and the swelling and slight proliferation of the lining cells  of the 
capsular space.  In an adjacent section of this same glomerulus the hyaline body 
gave a typical amyloid reaction with methyl violet.  Microphotograph.  Bausch 
and Lomb obj. ~, oc. 1. 
PLATE 115. 
FIG. 8.  Rabbit  13.  Kidney.  A  glomerulus  from  the  same  rabbit  but  not  in 
the  field  of Fig.  6.  Note the  extensive  adhesions  and  the large hyaline body 
containing some nuclear d6bris.  In an adjacent section the hyaline body in this 
glomerulus  gave  a  typical  amyloid reaction  with  methyl violet.  Microphoto- 
graph.  Bausch and Lomb obj. ~, oc. 1. 
FIG. 9.  Rabbit  15.  Kidney.  Note  the  large  body in  the  glomerulus  with  a 
few pyknotic nuclei  and  some nuclear  d~bris.  In an  adjacent  section  of  this 
same glomerulus the entire body gave a  typical amyloid reaction,  the material 
appearing in a  distinctly fibrillar  and finely granular  form.  Microphotograph. 
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